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ABSTRACT 



The invention relates to a method and to a system for 
measuring the quality of digital television signals compris- 
ing a data stream, the method including measuring quality 
and producing measurement signals that are representative 
of quality. The method comprises the following steps: a) 
selecting a reference time signal (PCR) from the data 
stream; b) generating a multibit digital clock signal (STC) 
from the reference time signal, the phase of the clock signal 
being locked on the basis of the reference time signal (PCR) 
and its count being deduced unambiguously from the count 
of an initial time base (STC); and c) labelling the measure- 
ment signals with at least some of the bits (HDT) of the 
digital clock signal that are meaningful given the nature of 
the measurements performed. 

11 Claims, 3 Drawing Sheets 
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METHOD AND SYSTEM FOR MEASURING 
THE QUALITY OF DIGITAL TELE VISION 
SIGNALS 

FIELD OF THE INVENTION 

The present invention relates to a method and a system for 
measuring the quality of digital television signals, and it is 
more particularly intended to managing the quality of ser- 
vice of a network for distributing digital audiovisual signals. 

In order to be able to supervise a distribution network 
effectively, it is necessary to make use of quality measure- 
ments performed on various signals in the network, said 
signals serving to transport and broadcast audiovisual sig- 
nals. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a system 
making such supervision possible, without giving rise to 
additional complication, and without having to take account 
of characteristics that are specific to digital systems, for 
example the characteristic of the MPEG-2 system whereby 
the images of a sequence are not transmitted in the same 
order as they will be seen on a screen (the images I are 
transmitted, and then the images P, and finally the images B 
from a group of images GOP). 

The invention is based on the idea of using a reference 
time signal that is already present in the data stream to label 
measurements. 

The invention thus provides a method of measuring the 
quality of digital television signals comprising a data stream, 
said method including measuring quality and producing 
measurement signals representative of the quality of at least 
some of the data of the data stream, and being characterized 
in that it comprises the following steps: 

a) selecting a reference time signal from the data stream; 

b) generating a multibit digital clock signal on the basis of 
the reference time signal, with the phase of the clock 
signal being locked on the basis of said reference time 
signal, and with the count thereof being deduced unam- 
biguously from the count of a time base generated 
during initial encoding of the digital television signals; 
and 

c) labelling said measurement signals using at least some 
of the bits of the digital clock signal, that are meaningful 
given the nature of the measurements performed. 

Advantageously, step a) comprises the following sub- 
steps: 

a 2 ) selecting digital frames corresponding to video data 
associated with a program from said data stream; and 

aj selecting said reference time signal from said frames. 

By way of example, the digital television signals are in the 
MPEG-2 standard and, during step aj, frames are selected 
on the basis of the PID field. 

Preferably, the video data is the data on which audio 
and/or video quality measurements are performed. In which 
case, the method may include a step of decoding video data 
from frames selected on the basis of said PID field. 

The selection of the reference time signal may be per- 
formed by testing a flag indicating the presence of said 
reference time signal in each frame under consideration. 

For digital television signals in the MPEG-2 standard, the 
reference time signal can be the signal PCR, the signal SCR, 
the signal DTS, or indeed the signal PTS. Advantageously, 
during step b), said digital clock signal is at a frequency of 
kx27 MHz where k is a non-zero integer or fraction. 
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The invention also provides a system for measuring the 
quality of signals in a digital television network having a 
plurality of transmission installations, the system being 
characterized in that it includes a plurality of measurement 
5 equipments associated with at least some of the transmission 
installations, and each of which comprises: 

an identifier device receiving the data stream as input and 
outputting a reference time signal selected from the 
data stream; 

10 a clock generator whose phase is locked on the basis of 
said reference time signal and which outputs a multibit 
digital clock signal operating at a given frequency, and 
whose count is deduced unambiguously form the count 
of a time base generated while encoding the digital 

15 television signals; 

a device for labelling quality measurements using at least 
the meaningful bits of the multibit digital clock signal; 
and 

2Q a device for transmitting the labelled quality measure- 
ments: and in that it includes a receiver for collecting 
the labelled measurement data transmitted by at least 
one of said transmission devices. 
Preferably, the count of the multibit digital clock signal is 
25 equal to the count of said time base. 

The labelling procedure of the invention makes it possible 
to compare measurements performed on the same data at 
various points in the network, without data recognition 
being affected by propagation delays due to transmission 
30 and/or encoding and/or decoding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention will 
appear more clearly on reading the following description, 
35 given by way of non-limiting example and with reference to 
the accompanying drawings, in which: 

FIG. 1 is a block diagram showing monitoring at the inlet 
and at the outlet of a digital television network; 
^ FIG. 2 shows an example of a "control panel" in a 
supervision system of the invention; 

FIG. 3 shows an example of a measurement system of the 
invention; 

FIG 4 is a block diagram showing how a device imple- 
45 menting the method of the invention operates; 

FIG. 5 shows an embodiment of the FIG. 4 device; 
FIG. 6 shows a preferred embodiment of the FIG. 5 
device; and 

50 FIG 7 shows the phase lock loop of the SSTC module. 

DETAILED DESCRIPTION 

The MPEG-2 standard [ISO/IEC 13818-1] specifies how 
one or more elementary video, audio, and data streams are 

55 to be combined into a stream that is suitable for transmission 
or storage. That standard provides information which is 
sufficient and necessary for synchronizing presentation at 
the output from a video and audio signal decoder, and for 
ensuring that the buffer memories or "buffers" of the decoder 

60 neither empty nor saturate. This information is constituted 
by time stamps concerning decoding and presenting video 
and audio signals, and time stamps concerning the supply of 
the binary stream itself. 
The timing model described in that standard is a model 

65 that provides a constant delay. This is the delay between a 
signal entering the encoder and the same signal leaving the 
decoder. It is due to the encoding, to the buffers of the 
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decoder, and to the presentation at the outlet from the encoding, and/or decoding the data, and to do so even in the 

decoder. Thus, each image and each audio sample is pre- event of pieces of transmission equipment being connected 

sented once and once only. In this way, the time interval in cascade. This "dating" identifies a "date" in the broad 

between two images remains fixed. Furthermore, the fre- sense of some event, thus making it possible to establish 

quently at which the audio signal is sampled is the same at 5 correspondence between various measurements relating to 

the inlet to the encoder and at the outlet from the decoder. the same signals, and, in particular, thus making it possible 

The function of the time stamps is to ensure that the delay t0 track me quality of signals as transmitted from the head 

is constant and that the video and audio signals at the outlet °f me network and all along the transmission chain. It also 

from the decoder are synchronized. In fact, they are repre- makes it possible to determine the position in time and to 

sented as a counter which increments on each clock pulse of 10 characterize an event, e.g. a disturbance, by means of its 

a time base (known as the "system time clock" or STC at 27 impact on the audiovisual signals as measured over the 

MHz in the standard). network. Such dating thus contributes to obtaining accurate 

The constant delay and synchronization of video and knowledge about the overall quality of service of audiovi- 

audio signals at the outlet from the decoder can be obtained sual broadcasting over the network, 

providing the encoders save the time stamps. This applies 15 FIG. 2 shows an example of a control panel for a 

when the time stamps are transmitted to the decoder together supervision system. In the invention, there exists a unified 

with the associated signals, and the decoder makes use of dating clock associated with the MPEG-2 signals. This 

them for controlling the timing with which signals are advantageous characteristic contributes to automating 

presented at its outlet. quality-of-service management on digital television net- 

The main time stamps are as follows: 20 works ( pl t0 p4: 4-measurement example). 

SCR ("system clock reference") for the program stream Some quality measurements are comparative, e.g. in order 

and PCR ("program clock reference") for the transport to evaluate the transparency of all or part of the network, 

stream. Th ev perform two measurements at different locations on 

TTiesetimestampsencodethetimebaseusedforthevideo 25 the network and compare them. For example, to quantify 

and audio DTS and PTS (duefined below) of a single audl ° and Vlde0 objectively, it is necessary in some 

oroeram approaches to perform a comparison. By way of example, 

r« o^.* , A . , , this operation is performed between measurements per- 

, . ?™ * *, f ' re P resen,ul 8 • formed at the beginning of transmission and other measure- 

operalmg at 27 MHz and the time stamps are encoded on ^^^^1^^^^^^^.^ 

+ 1 * 30 measurements are performed respectively by measurement 

The SCR or the PCR are used in the decoder to regenerate equipment that monitors the input (CE) and by measurement 

the same STC time base as was used during encoding so as equipment that monitors the final quality (CF) of a digital 

to ensure a constant delay. television network RES (FIG. 1) serving to transmit audio- 

The SCR or the PCR serves to regenerate a time base video data DAV. An auxiliary channel relays quality param- 

STC in the decoder which can be the same time base STC 35 eters QP as measured in one direction or the other between 

as was used during encoding or which can be deduced the equipments CE and CF so as to enable the parameters to 

unambiguously therefrom, so as to guarantee a delay that is be compared. 

constant. approach requires accurate time synchronization 

DTS ("decoding time stamp*'): this time stamp marks the between measurements performed at the inlet and those 

instant at which an encoded signal block or "access unit" 40 performed at the outlet. Consequently, it is necessary to 

(AU) is presented at the inlet to the decoder. The time base ensure that the dating information associated with each 

is the preceding clock divided by 300 (thus giving a clock measurement is true. 

operating at 90 kHz), and this time stamp is encoded on 33 For ^ purp ose, the method proposed by the present 

bits- 45 invention-enables dating information to be allocated to 

PTS ("presentation time stamp"): this time stamp marks measurements performed on the network. Consequently, 

the instant at which a decoded signal block or "presentation comparison is consolidated and made robust because of such 

unit" is presented at the outlet of the decoder. The time base synchronization. It suffices to ensure that the dating infor- 

is the same clock as for the DTS (clock at 90 kHz), and this mation corresponds. 

time stamp is encoded on 33 bits. The PTS must be present 5Q ^ naturally applies to measurements performed at any 

in each PES at least once every 0.7 seconds, and it is situated point on a nelW ork regardless of whether the network uses 

in the PES packet header. terrestrial radio, cables, or indeed satellites. 

It should be observed that the signals PTS and DTS FIG. 3 shows a network implementing transmissions that 

represent time stamps relative to the STC time base. They do are performed in cascade starting from a network head TSR. 

not correspond to absolute time (i.e. they specify neither the 55 ^ network has a first level of transmitters EMU . . . EMlp 

time of encoding nor the time of decoding). which receive the signals delivered by the network head 

The present invention seeks to make use of the time data TRS and some of which forward the signals to second level 

present in an MPTS multiprogram digital transport stream, transmitters, e.g. EM21 . . . EM28, or indeed EM31 . . . 

e.g. using the MPEG-2 system, for the purpose of supervis- EM3r, and so on. Some of the transmitters, e.g. EMU, 

ing measurement equipment, and in particular equipment for 6 o EM13, EM21, EM31 .... are associated with respective 

measuring the quality of audiovisual signals, by labelling the measurement equipments EMS11, EMS13, EMS21, 

measurements performed so as to make it possible to collate EMS31. The network head transmitter TSR can also have 

measurements that are performed on the same signals, but at measurement equipment EMESO. A supervisory installation 

various different points in the network. SUP, e.g. located in the network head, receives the mea- 

The audiovisual signals are thus "dated" so as to make it 65 surement signals transmitted by the various above- 
possible at all points in the network to recognize the data mentioned measurement equipments EMS, with the quality 
regardless of the time delays introduced by transmission, measurement information being dated in accordance with 
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the invention. It is then possible to compare measurements signals in such a manner as to output signals QP that 

that have been performed on the same data by causing the represent the quality of the signals as measured by the 

dating information to correspond, thus making it possible to equipment under consideration EMES. 

track quality at any point in the network where that is The data extractor EXD decodes a field contained in the 

considered to be desirable. 5 data stream, and the clock generator module HG produces a 

In the invention, the MPEG-2-TS stream is decoded to multibit clock signal TS which is used for dating the 

extract the time stamps associated with the audiovisual measurement signals QP- 

signals. Each measurement performed by monitoring equip- The MPEG-2-TS stream includes time information for 

ment is associated with a time stamp which is associated in stamping digital data. The field PCR contained in the 

definitive manner therewith. Each data pair (date, quality 10 MPEG-2-TS frames makes it possible in particular to time 

measurement) is designed to be used by other monitoring stamp the data. On the basis of PCR, it is possible to generate 

systems and by the supervision system. STC, for example. It is a data time stamping counter STC 

The invention is based on the idea of using a time stamp which counts on 42 bils t0 represent a clock at 27 MHz. The 

based on the content of a data stream, e.g. an MPEG-2 equipment decodes the MPEG-2-TS stream and marks the 

stream. Several kinds of data that can be included in the data 15 data 88 measured by the measurement equipment EMES 

stream have already been mentioned. They constitute this time stamping counter. 

examples of time references suitable for use in the context In an embodiment of the invention, the MPEG-2-TS 

of the present invention stream is decoded to extract PCR and synthesize STC in the 

The advantageous association of dates or time stamps ,„ form of a signal STC-STC. It will be observed mat trans- 

with quality parameters (associated with the identity of a 20 'retaliations ^corporate decoders, but that within 

particular piece of measurement equipment) enables onward s»ch decoders intermediate decoding data remains internal 

transmission to other measurement equipment and to a "nd is not accessible This STC data makes it possible to 

supervision system SUP. The data can then be used effec- c ™ te . ,ime s, ' m P *** m f. °P eraUon . makes . ll P° s " 

tively for monitoring purposes. The measurements associ- „ sfcle in the audio and/or video quality monitormg equipment 

ated with dating measurements also contribute to analyzing 25 t0 *dex measured quality parameters on the basis of the 

incidents and decisions concerning quality of service in signa 

audiovisual broadcasting. A transport stream MPEG-2-TS frame contains various 

„, .. , , - . types of information. An MPEG -2-TS frame comprises 188 

The supemsion system >s a tool for mspectmg the net- ^ whicb ^ ^ ^ dal fields £ 

work in terms of surveillance and correction, and it can also 3Q 0 , . . ^ , , K - c 

.. . , . , ™ . . f ' . . JU an MPEG-2 decoder to find payload information. 

contain a monitonng data base. This information makes it _ r ' , , 

possible to have a historical record of incidents that occur a ° «* r . to ldQ ^ a g^en program, the packet identifier 

and that have affected the quality of service of audiovisual field PID 15 avaJable on 13 blts - 

signal broadcasting. This knowledge also makes it possible ^ dev,ce can migrate a module for identifying a 

to compare measurements performed on signals that come 35 specific PID, preferably that of the video data associated 

from different levels of the network. In addition, said signals ^ the P">gram on which audio and video quality mea- 

can be of various different forms: RF signals, encoded and surements are to be performed. 

multiplexed digital data, and/or signal samples in baseband, As shown in FIG. 5, the time stamp generator MTS 

etc. comprises two functional modules. 

Furthermore, the comparative monitoring equipments 40 A data extractor MPCR which enables the 188-byte 

located at the final verification level serve to provide syn- frames t0 be recovered from the MPEG-TS stream, which 

chronization between the reference measurements and the frames are associated with the PIDM required by the mea- 

final measurements. This operation is performed with the surement equipment EMES, and to generate the PCR (or 

help of the dating data. The measurements and the associ- SCR ) field on me basis of the frames recovered in this way. 

ated dates make it possible to provide synchronization that 45 A clock generator module SSTC which generates the 

enables comparative measurement methods to be imple- signals STC' on 42 bits on the basis of the signal PCR, as 

mented. described below with reference to FIG. 7. 

The invention consists in decoding the data stream, e.g. an ^ signals MTS is preferably an HDT signal obtained by 

MPEG-2-TS stream, so as to extract time stamp information retaining only meaningful bits from the signals STC, i.e. 

MTS therefrom for dating measurements performed by 50 specifically bits b„ to b 41 . b„ is selected as a function of the 

quality monitoring equipment, e.g. for monitoring audio and periodicity of the measurements to be performed, e.g. for 

video quality in digital TV quality measurements performed once a second, it is pos- 

When using the MPEG-2 standard, it is advantageous to ■?* fJg^J*'*** b " 10 b «» ^ ' he bit b „ 2S ° f the 

make use of the PCR field or the SCR field contained in the ^ ^"fE? changCS "f" f*^ 0J U 3 f 00 "^, t 

MPEG-2-TS stream, or indeed the DTS field or the PTS 55 t . TI » fie,d PCR occupies 42 bits in each frame (33 base 

g e j d bits, 6 reserved bits, 9 extension bits). The extractor MPCR 

' . . . . .. ...... . , for extracting the signal PCR initially tests the flag signal- 

-n»e equipment is inserted in a digital television network u ^ ^ of * pcR m each frame under 

as shown m FIG. 4. e» r 



and extracts therefrom the 42-bit information. This infor- 



Adata extractor EXD receives the MPEG-TS multipro- 60 mation represents the refreshing of the internal digital clocks 
gram transport stream, possibly together with a PIDM signal 0 f the encoders and decoders that is operated at the fre- 
representing the identity PID of the frames to be selected, quency of 27 MHz. The information PCR does not appear 
with the signal PIDM being generated by the measurement regularly in the data stream. The MPEG-2 standard requires 
equipment EMES. tne time between two frames containing PCR information to 

In particular, the measurement equipment EMES includes 65 be no greater than 100 ms, but this does not present any 
an audio and video analyzer which processes the audiovisual significant drawback since this signal is used solely for 
signals in baseband and which measures the quality of said setting the phase of the signal STC. 
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As shown in FIG. 6, the module MPCR has a sub-module seconds, it can be considered that it suffices to retain as the 

SPCR and a sub-module EPID which demodulates the most significant bit the bit b^ which varies once every 5.8 

MPEG-TS steam and outputs the frames TSM that are seconds. Labelling can be performed, for example, on the 

selected as a function of PIDM. The sub-module SPCR basis of bits b 25 to b^. 

applies a filter to these frames to detect the flags marking the 5 The signal MTS serves to control equipments for mea- 
presence of the signal PCR which is reproduced at the output swing the quality of audio and/or video signals in other 
from the sub-module SPCR. The decoder DEC has a sub- apparatuses for monitoring MPEG-2 signals, by triggering 
module DC that performs the decoding function proper and the measuring process and consequently labelling the cor- 
a sub-module DM that generates the data DAV. The decoder responding measurements with values of HDT. This opera- 
sub-module DC also receives the signal PIDM to select the 10 tion advantageously makes it possible to compare measure- 
frames on which measurement is to be performed in the ments performed on the same data at various different points 
preferred case where these frames are identical to the frames in the network. 

selected for reproducing the signal STC. The measurement -j^ preS e n t invention is applicable to operating monitor- 
equipment includes a communications sub-module COM mg equipment and to systems for supervising networks for 
and a measurement sub-module MES. The sub-module 15 broadcasting digital television signals. One of its advanta- 
COM supplies the signals PIDM to the sub-modules EPID geous characteristics lies in associating measurements per- 
and DC, it receives the signal MTS, and it transmits it to the formed on network signals with a unified date associated 
measurement sub-modules MES. From the frames selected ^ the audiovisual signals. Another advantage lies in 
on the basis of the signal PIDM, the sub-module DM of the extracting a reference clock on the basis of data included in 
decoder delivers the audio-video data DAV in baseband to 20 an MPEG-2 stream. 

the measurement sub-module MES which outputs measure- m, „ „ , , • i^_„ f ^j • • • , 

, , ^-i The means and devices implemented in this invention 

ment signals QP that identify the particular measurement - , e U i « *u 

. a At a t i t. « j . • i provide a favorable response to the requirements of systems 

equipment EMES and that are also labelled using the signal £ „ y t 

iir\ r T' / xitc\ for managing quality of service. 

HDT (-MTS). What ^ claimed ^ 

To control the audio and video quality measuring 25 1. A method of measuring the quality of digital television 
equipment, a stable clock signal STC is generated at 27 signals comprising a data stream, said method including 
MHz. To synthesize STC clocked by the 27 MHz clock measuring quality and producing measurement signals rep- 
compatible with the MPEG-2 standard, the module shown in resentative of the quality of at least some of the data of the 
FIG. 4 uses values of PCR and a servo-control loop (VCO) data slre am, and said method comprising the following 
for controlling the phase of a clock at the frequency of 27 30 s t e ps* 

MHz to generate the signal STC. The principle on which a) a K&Ka(x ^ s%nal from , hc data 

STC synthesis relies is that of using a 27 MHz phase-locked stream- 

loop for providing the original values of STC at the rate of , x ' ■ un .. , , , . , /CTr ,, 4 , 

__\„ T r i. • r.r i rTw~.T» b) generating a multibit digital clock signal (STC) on the 

27 MHz on the basis of the values of PCR. 7 * . * - * . , .f, v . ' , 4U 

35 basis of the reference time signal, with the phase of the 

To this end, and as shown in FIG. 7, the signal PCR as clock signal being i oc ked on the basis of said reference 

output from the sub-module SPCR is applied to one of the time (po^ and ^ the ^eof being 

inputs of a subtracter SS whose output is fed to an integrator deduced unambiguously from the count of a time base 

INT whose output is in turn fed to the phase control input of ( STC ) generated during initial encoding of the digital 

a phase-locked 27 MHz clock. The output from this clock television signals* and 

VCO increments a counter CPTR. The signal PCR is applied 40 c) labenin ^ ^'^^ ^ gmls ^ at least ^ 

to the load input LD of the counter CPTR. Eachtime the of me ^ (HDT) of me di ^ tal dock mat are 

signal PCR occurs the value of the counter CPTR, after mea ningful given the nature of the measurements per- 

loading, is compared with the value of PCR in the subtracter formed 

SS, and the result of this comparison as present at the output 2 . A method according to claim 1, wherein the count of the 

from the subtracter SS, enables said phase locking to be mulUbil digital dock sigQal (STC) h d tQ me CQUnt of 

P rovided * said time base (STC). 

The stream of STC values is too large compared with the 3 A me thod according to claim 1, wherein step a) 

frequency at which audio and video quality measurements comprises the following sub-steps: 

are performed by the analyzers. Time stamps are used that 5Q a) selecti di ital frames corresponding t0 ^ data 

are referenced relative to the frequency at which it is desired associated with a program from said data stream; and 

to pe orm measurements. a ^ Meeting sa jd reference time signal from said frames. 

Tlie rate at which the least significant bits vary is gener- 4 A metnod according to claim 3> wherein the digital 

aUy too fast compared with the measurement frequently. The television signals are in the MPEG-2 standard and during 

least significant bit b 0 changes every 37 ns, the next bit b x 55 step a ^ frames are selected on the basis of a PID field, 

changes every 74 ns, and so on. Consequently, the less 5 A me thod according to claim 4, including a step of 

significant bits of the counter are not useful. It is therefore decoding video data from frames selected on the basis of 

possible to retain in the signal MTS, e.g. HDT, only those sa j d pjrj g e j d 

bits which are required for identifying the measurements. 6 A m e m od according to claim 3 wherein the video data 
At the less significant bit end, it therefore suffices to keep &q is the data on which audio and/or video quality measure- 
bits down to the first bit that varies more quickly than the ments are performed. 

periodicity of the measurements. 7. A method according to claim 1, wherein said selection 

At the more significant bit end, it suffices to retain a of the reference time signal is performed by testing a flag 

number of bits that is sufficient for distinguishing between indicating the presence of said reference time signal in each 

two series of measurements on the same data while taking 65 frame under consideration. 

account of the time T required for propagating and collating 8. A method according to claim 1, wherein the digital 

the measurement data. For example, for a time T equal to 3 television signals are in the MPEG-2 standard, and the 
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reference time signal is selected from the group comprising 
the signal PCR, a signal SCR, a signal DTS, and a signal 
PTS. 

9. A method according to claim 8, wherein during step b), 
said digital clock signal is at a frequency of kx27 MHz 
where k is a non-zero integer or fraction. 

10. A system for measuring the quality of signals in a 
digital television network having a plurality of transmission 
installations, the system including a plurality of measure- 
ment equipments (EMS11, EMS13, EMS21 . . . ) associated 
with at least some of the transmission installations (EM 11, 
EM13, EM21), and each of which comprises: 

an identifier device receiving a data stream as input and 
outputting a reference time signal selected from the 
data stream; 

a clock generator whose phase is locked on the basis of 
said reference time signal and which outputs a multibit 



10 



15 



10 



digital clock signal (STC) operating at a given 
frequency, and whose count is deduced unambiguously 
from the count of a time base (STC) generated while 
encoding digital television signals; 
a device for labelling quality measurements using at least 
the meaningful bits (HDT) of the multibit digital clock 
signal (STC); and 
a device for transmitting the labeled quality measure- 
ments: and including a receiver (SUP) for collecting the 
labelled measurement data transmitted by at least one 
of said transmission installations. 
11. A system according to claim 10, wherein the count of 
the multibit digital clock signal is equal to the count of said 
time base. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 10, 

Line 1, "(STC)" should read - (STC) --. 
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JAMES E. ROGAN 

Attesting Officer Director of the United States Patent and Trademark Office 
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